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[Title of the Invention] 
Hybrid synchronous motor 

[Abstract] 

[Obj ects] 

To effectively utilize the reluctance torque in a permanent 
magnet motor and to make the design of the motor more free. 

[Configuration] 

A rotor 28 is divided into a permanent magnet motor portion 
30 and a reluctance torque motor portion 32. The permanent 
magnet motor portion 30 and the reluctance torque motor portion 
32 are divided in the direction of an axis 100 of the rotor 28, 
and integrally rotated by sharing a single non-magnetic 
material 34 . Provided on a stator 44 is a non-magnetic material 
50, by which the magnetic-circuit coupling between the 
permanent magnet motor portion 3Q and the reluctance torque 
motor portion 32 is prevented. The permanent magnet motor 
portion 30 and the reluctance torque motor portion 32 can be 
designed independently of each other. Projecting pole 
portions formed on a magnetic material 40 of the reluctance 
torque motor portion 32 are provided at positions dislocated 
about the axis 100 relative to areas on which permanent magnets 



38 are provided. Setting this angle at 90 degrees causes a 
torque pulsation to be reduced, and setting it at 45 degrees 
causes a maximum torque control to be simplified. 

[What is claimed is:] 

1. A hybrid-type synchronous motor including: 

an armature having a coil, and 

a magnetic field system relatively rotatable to the 
armature around a predetermined axis as a center while being 
spaced from the armature; characterized in that the magnetic 
field system has: 

a permanent magnet motor portion having a predetermined 
number of permanent magnets arranged while being spaced by a 
predetermined electrical angle about the axis of the motor, and 
a reluctance motor portion which is divided along said 
axial direction from the permanent magnet motor portion, and 
which has a predetermined number of projected pole portions 
arranged while being spaced by a predetermined electrical angle 
about the axis of the motor; 

the armature has a non-magnetic member for preventing the 
formation of a magnetic path in the motor axis from the permanent 
magnet motor portion to the reluctance motor portion; and 

the permanent magnets and the projected pole portions are 
arranged at placed at which they are dislocated from each other 
by a predetermined electrical angle about the axis of the rotor. 

2. A hybrid- type synchronous motor according to claim 1, 




characterized in that the projected poles have: 

projections of a magnetic material formed on the surface 
of the reluctance motor portion to be spaced from the armature, 
and 

magnetic resistance members formed inside the 
projections of a material lower in permeability than the 
pro j ections . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Utilization] 

The present invention relates to a synchronous motor 
using a permanent magnet as a magnetic field system, and in 
particular to a motor which arranges a permanent magnet on the 
magnetic field system and has a projecting pole property. 
[0002] 

[Prior Art] 

As a driving motor for electric vehicles, in addition to 
an induction motor , a synchronous motor using a permanent magnet 
as a magnetic field system, that is, a permanent magnet motor 
can be used. The permanent magnet motor, which has a larger 
magnet-field magnetomotive force than that of the induction 
motor and is small in size and light in weight, is suitable for 
being mounted on electric vehicles and the like. 
[0003] 

Fig. 8 shows an example of a control circuit of a motor. 
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The control circuit shown in this figure has a configuration 
in which a direct-current power supplied from a battery 10 is 
converted by an inverter 12 to a three-phase, alternate-current 
power and is supplied to a motor 14. A current supplied from 
the inverter 12 to the motor 14 is vector controlled by a 
controller 18 according to the operation of the accelerator 
pedal, the brake pedal and the like by a vehicle operator, and 
based on the revolution N of the motor 14 detected by a revolution 
sensor 16. The controller 18 performs this control by a pulse 
width modulation (PWM) signal to the inverter 12. 
[0004] 

Fig. 9 is a vector graph wherein a permanent magnet motor 
is used as the motor 14. In the graph, the terminal voltage 
of the motor 14 is expressed in V; the motor current, in I; and 
the main magnetic flux, in <|>. A voltage induced on the coil 
of the motor 14 by the main magnetic flux <|> is expressed in G)<|), 
and the terminal voltage V of the motor 14 has a value obtained 
by vector adding the induced voltage G><}> to a 
counter-electromotive voltage GOLI . Here, G) is an angular 
freguency, and L is the inductance in the motor 14. Therefore, 
a phase difference \)/ develops between the terminal voltage V 
and the motor current I . 
[0005] 

Here, the counter-electromotive voltage (OLI increases as 
the motor current I increases, so that the terminal voltage V 



increases and at a certain time, exceeds a source voltage (a 
voltage of the battery 10). Hence, when a permanent magnet 
motor is used as the motor 14 of Fig. 8, the so-called 
field-weaking control is performed at a predetermined 
revolution or more. The field-weaking control is performed as 
the vector control of the inverter 12 by the controller 18, and 
in such a case, the vector graph is, for example, as shown in 
Fig. 10. 
[0006] 

As shown in the graph, in the field-weaking control, the 
motor current I is handled as respective components of a 
quadrature-axis current Iq and a direct-axis current Id, and 
a control is performed for each component . The quadrature-axis 
current Iq acts on the main magnetic flux <|> to generate a torque . 
Moreover, the direct-axis current Id has a phase intersecting 
with the quadrature-axis current Iq. Supplying the current Id 
causes a counter-electromotive voltage indicated at (OLdld in 
the graph to be generated, so that there is developed an effect 
just equal to a field system weakened by the permanent magnet, 
whereby even if the value of the motor current I is the same, 
the terminal voltage V is more suppressed than the case of Fig. 
9. Further, in the graph, Lq designates a quadrature-axis 
inductance; Ld, a direct-axis inductance; and (DLqlq 
corresponds to 0OLI in Fig. 9. 
[0007] 



On the other hand, as a technique for increasing the torque 
of the motor 14, there is the one for effectively utilizing a 
reluctance torque developed by a difference between the 
direct-axis inductance Ld and the quadrature-axis inductance 
Lq, as described, for example, in Japanese Utility Model 
Application Laid-Open No. 62-88463. In Figs . 11(a) through 
11 (c) , there are shown rotor constructions in permanent magnet 
motors disclosed in the prior art. 
[0008] 

Each of rotor constructions shown in these figures is of 
inner rotor, and has a yoke 20 formed of a magnetic material 
and permanent magnets 22 arranged while being spaced from each 
other by a predetermined electrical angle on the surface of the 
yoke 20. Each of rotor constructions shown in these figures 
is of four poles , in which four permanent magnets 22 are provided. 
Besides, the yoke 20 has projecting pole portions 24 at the 
intermediate position of adjacent permanent magnets 22, that 
is, at a position corresponding to the electric angle being 
intermediate both the permanent magnets 22. The projecting 
pole portions 24 are provided as the corner portion of the yoke 
20 in a first prior art example shown in Fig. 11 (a) ; they, as 
projections projecting from the corner portion of the yoke 20 
in a second prior art example shown in Fig. 11 (b) ; and they, 
as separated magnetic material mounted to the corner portion 
of the yoke 20 in a third prior art example shown in Fig. 11 




(c) . 
[0009] 

In each of these rotor constructions, in addition to a 
torque generated by the main magnetic flux <|), the reluctance 
torque is effectively utilized. That is, in general, the 

constructions generate both a torque expressed in <)> # Iq in 
connection with the permanent magnet 22 and a reluctance torque 
expressed in (Ld-Lq) •id^iq , so that they can effectively utilize 
these torques. 
[0010] 

[Problems that the Invention is to solve] 

However, in the prior art motors having such 
configurations, the permanent magnets and projecting pole 
portions are provided in the same magnetic circuit, so that both 
members have interfered with each other to restrain the degree 
of freedom of design. Besides, there has existed a problem in 
that rotating the prior art rotor construction as shown about 
an axis 26 as a center causes the space between the construction 
and a stator (not shown) provided around the rotor to be rapidly 
changed between the permanent magnet 22 and the projecting pole 
24, so that the so-called torque pulsation is apt to occur. 
[0011] 

The present invention is made to solve such problems and 
it is an object of the invention to separate the magnetic circuit 
in connection with the permanent magnet from the magnet circuit 
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in connection with the projecting pole portion, thereby 
improving the degree of freedom of design and making it possible 
to lower the torque pulsation. Further, it is an object of the 
present invention to make it possible to suitably increase the 
reluctance torque in spite of the restriction in the gap between 
the armature and the field system. Moreover, it is an object 
of the present invention to make it possible to increase the 
maximum output torque of the motor and to easily perform the 
maximum torque control . 
[0012] 

[Means of Solving the Problems] 

In order to achieve such objects, a hybrid- type 
synchronous motor of the present invention is characterized in 
that the magnetic field system has a permanent magnet motor 
portion having a predetermined number of permanent magnets 
arranged while being spaced by a predetermined electrical angle 
about the axis of the motor , and a reluctance motor portion which 
is divided along the axial direction of the motor from the 
permanent magnet motor portion, and which has a predetermined 
number of projected pole portions arranged while being spaced 
by a predetermined electrical angle about the axis of the motor; 
the armature has a non-magnetic member for preventing the 
formation of a magnetic path in the motor axis from the permanent 
magnet motor portion to the reluctance motor portion; and the 
permanent magnets and the projected pole portions are arranged 
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at placed at which they are dislocated from each other by a 
predetermined electrical angle about the axis of the motor. 
[0013] 

Moreover, a hybrid synchronous motor of the present 
invention is characterized in that the projected pole portions 
have projections of a magnetic material formed on the surface 
of the reluctance motor portion to be spaced from the armature, 
and magnetic resistance members formed inside the projections 
of a material lower in permeability than the projections. 
[0014] 

[Operation of the Invention] 

In a hybrid-type synchronous motor of the present 
invention, the field system is divided into a permanent magnet 
motor portion and a reluctance motor portion along the axial 
direction of the motor. The permanent magnet motor portion is 
arranged with a predetermined number of permanent magnets while 
being spaced by a predetermined electrical angle about the axis 
of the motor, and with the permanent magnet motor portion, a 
torque determined by the product of a quadrature-axis current 
and a main magnetic flux is generated. Besides, the reluctance 
motor portion is formed with a predetermined number of projected 
pole portions spaced by a predetermined electrical angle when 
viewed about the axis of the motor. With the reluctance motor 
portion, a reluctance torque determined according to the 
difference between a quadrature-axis inductance and a 



direct-axis inductance is generated. 
[0015] 

In the present invention, such a permanent magnet motor 
portion and a reluctance motor portion are magnetically 
separated from each other . That is , the formation of a magnetic 
path in the motor axial direction from the permanent magnet 
motor portion to the reluctance motor portion is prevented by 
a non-magnetic member provided in the stator. Therefore, in 
the present invention, both the permanent magnet torque and the 
reluctance torque can be utilized in the same control conditions , 
and at the same time, the magnetic path and shape of the permanent 
magnet and of the projecting pole portions are not interfered 
with each other, so that the shape of both members can be 

optimally configured to attain a high output and to reduce the 

torque pulsation. 

[0016] 

' Further, the larger the difference between the 
direct-axis inductance and the quadrature-axis inductance 
becomes, the larger the reluctance torque becomes. When the 
projection of a magnetic material formed on the surface of the 
reluctance motor portion in a manner to be spaced from the 
armature is used as the pro j ecting pole portion , the direct-axis 
inductance is determined by the space between a non-projection 
forming area on the surface of the reluctance motor portion and 
the armature, while the quadrature-axis inductance is 
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determined by the space between the projection and the armature . 
In the present invention, provided within the projection is a 
magnetic resistance member. The magnetic resistance member is 
formed inside the projection of a material lower in permeability 
than the projection, and functions as magnetic resistance in 
the magnetic path determining the direct-axis inductance. 
Therefore, even when with respect to construction design, the 
difference between the space between the armature and the 
projection, and the space between the armature and the 
non-projection forming area is restricted, setting the magnetic 
resistance material allows the difference between the 
direct-axis inductance and quadrature-axis inductance to be 
made large, thereby increasing the reluctance torque. 
[0017] 

[Embodiments] 

With reference to drawings, preferred embodiments of the 
present invention will be explained hereinafter. The 
configurations similar to prior art examples shown in Figs. 8 
through 11 are designated by the same symbols, and thus their 
explanation is omitted. 
[0018] 

Fig. 1 shows a sectional view of the motor axial direction 
of hybrid-type synchronous motor in connection with one 
embodiment of the present invention. Moreover, Figs. 2 and 3 
show an A- A sectional view and a B-B sectional view, 
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respectively . 
[0019] 

As shown in these figures, in this embodiment, a rotor 
28 comprises a permanent magnet portion 30 and a reluctance 
motor portion 32. The permanent magnet portion 30 and the 
reluctance motor portion 32 are divided along an axis 100 of 
the rotor 28 and integrated by a cylindrical non-magnetic 
material 34. That is, the permanent magnet portion 30 and the 
reluctance motor portion 32 are rotated integrally about the 
axis 100 as a center. 
[0020] 

The permanent magnet portion 30 comprises a magnetic 
material 36 functioning as a yoke and a permanent magnet 38 
functioning as a field system. The magnetic material 36 is 
formed of carbon steel plate, electromagnetic steel plate and 
the like, and the permanent magnet 38 is disposed on the surface 
of the magnetic material 36. When the motor of this embodiment 
is configured as a four-pole motor, as shown in Fig. 2, four 
permanent magnets 38 are provided. The permanent magnets 38 
adjacent to each other are disposed at places dislocated by 180 
degrees in electrical angle about the axis 100 of the rotor 28. 
Hereinafter, the line indicating the arranged electrical angle 
of the permanent magnets 38 (the line connecting the center of 
the permanent magnets 38 with axis 100) is called a magnet pole 
axis 102 . 



[0021] 

Besides, the reluctance motor portion 32 has a magnetic 
material 40 as shown in Fig. 1. The magnetic material 40 is 
also formed of a material similar to the magnetic material 36, 
and has projecting pole portions 42 as shown in Fig. 3. When 
this embodiment is configured as a four-pole motor, as shown 
in Fig. 3, four projecting pole portions 42 are provided. The 
projecting pole portions 42 are disposed at places dislocated 
by 90 degrees in electrical angle relative to the 
above-mentioned permanent magnets 38 about the axis 100 of the 
rotor 28. Hereinafter, the line connecting the projecting 
poles 42 with the axis 100 is called a projecting pole axis 104. 
[0022] 

The stator 44 is opposed through a gap portion 46 to the 
rotor 28. The stator 44 has a coil 48 bridged over slots formed 
therein. Moreover, the stator 44 has a non-magnetic material 
50. 

[0023] 

The non-magnetic material 50 is provided just at an 
intermediate position between the portion opposite to the 
permanent magnet motor portion 30 on the stator 44 and the 
portion opposite to the reluctance motor portion 32. The 
non-magnetic material 50 is formed of stainless steel, aluminum, 
copper and the like, and also formed by making non-magnetic the 
position concerned in order to interrupt the magnetic path along 



the direction of the axis 100 of the rotor 28, that is, the 
magnetic path bridging the permanent magnet motor portion 30 
and the reluctance motor portion 32. Besides, for the similar 
purpose, provided also between the magnetic material 36 and the 
permanent magnet 38, and the magnetic material 40 is a gap 
portion 52 . The gap portion 52 may be replaced with an inserted 
non-magnetic material. Such non-magnetic material 50 and gap 
portion 52 cause the permanent magnet motor portion 30 and the 
reluctance motor portion 32 to configure respective magnetic 
circuit different from each other. As a result, in designing 
the embodiment shown in Fig. 1, under the control conditions 
with the same current width and phase, it is possible to design 
separately the permanent magnet motor portion 30 and the 
reluctance motor portion 32 . That is , the interference between 
the permanent magnet motor portion 30 and the reluctance motor 
portion 32 occurs little, so that such a design work becomes 
possible, and thus a design with a higher degree of freedom 
becomes possible. Although the stator 44 is sectioned into two 
portions by the non-magnetic material 50, the coil 48 is common 
to both the portions . 
[0024] 

In this embodiment, the permanent magnet motor portion 
30 and the reluctance motor portion 32 are integrally configured, 
so that a torque 0 # iq by the permanent magnet motor portion 30 
and a torque (reluctance torque) (Ld — Lq) *id«iq in connection 



with the reluctance motor portion 32 can be together utilized. 
That is, a torque of { (<)H-Ld-Lq) •id}*iq can be obtained, 
whereby a larger torque than the permanent magnet motor can be 

obtained . 
[0025] 

Fig. 4 shows a current waveform required for the permanent 
magnet motor portion 30. As shown in the figure, in the 
permanent magnet motor portion 30, as the quadrature-axis 
current iq, a current is required which advances by 90 degrees 
in electrical angle in the rotational direction relative to the 
N-pole center position of the permanent magnet 38. 
[0026] 

Fig. 5 shows a technique of adjusting the direct-axis 
inductance Ld and the quadrature-axis inductance Lq in this 
embodiment. This figure shows a partial sectional view of the 
reluctance motor portion 32. 
[0027] 

As shown in the figure, a gap g2 with the stator 44 at 
the projecting pole portion 42 is smaller than a gap gl at a 
portion other than the projecting pole 42. The gap gl 
determines the direct-axis inductance Ld, while the gap g2 
determines the quadrature-axis inductance Lq. Therefore, 
appropriately setting these gaps gl and g2 allows the motor 
characteristics of the reluctance motor portion 32 to be 
optimally designed without affecting the characteristics of the 




permanent magnet motor portion 30. 
[0028] 

Besides, in this embodiment, the volume of the permanent 
magnet 38 can be further decreased compared to the permanent 
magnet motor , so that a cost-reduced motor is obtained . Further , 
the reluctance torque is effectively utilized, so that the motor 
current I can be further reduced compared to the permanent 
magnet motor, thereby allowing the control device to be made 
smaller. In addition, the permanent magnet 38 is provided on 
the surface of the rotor 28, so that the rotor' 28 can be made 
hollow, thereby embodying a light-weight rotor 28 while 
enlarging the diameter thereof. Further, the relatively 
simple construction provides a good productivity and allows the 
shape of the projecting pole portion to be more freely designed 
compared to prior art, so that it becomes extremely easy to 
configure a shape to suppress the so-called torque pulsation. 

[0029] 

Fig. 6 shows a B — B sectional view of a hybrid synchronous 
motor, in particular of the reluctance motor portion 32, in 
connection with a second embodiment of the present invention. 
The embodiment shown in the figure is characterized in that a 
non-magnetic material 54 is provided at a substantially central 
portion of the projecting pole portions 42. The non-magnetic 
material 54 has a function of increasing the magnetic resistance 
of a magnetic path 108 without changing the magnetic resistance 
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of a magnetic path 106. The magnetic path 106 determines the 
quadrature-axis inductance Lq, while the magnetic path 108 
determines the direct-axis inductance Ld . In this way, 
providing the non-magnetic material 54 on the magnetic path 108 
causes the magnetic resistance in connection with the magnetic 
path 108 to increase, thereby increasing the direct-axis 
inductance Ld. 
[0030] 

Although the direct-axis inductance Ld and the 
quadrature-axis inductance Lq can be adjusted by the gaps gl 
and g2 as described above, the adjustment is limited with 
respect to the motor construction design, and thus has a certain 
limit. . In this embodiment, in spite of the presence of such 
a limit, the direct-axis inductance Ld can be further increased. 
An increase in the direct-axis inductance Ld leads to an 
increase in the reluctance torque, so that a motor having a 
larger output torque compared to the first prior art example 
is obtained. Further, although an increase in the gap gl can 
cause a magnetic saturation, in this embodiment, such a trouble 
does not occur. 
[0031] 

Fig. 7 shows a B — B sectional view of a motor, in 
particular of the reluctance motor portion 32, in connection 
with the third embodiment of the present invention. As shown 
in the figure, in this embodiment, the projecting pole axis 104 
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is provided at a position displaced by 45 degrees in electrical 
angle in the rotational direction of the rotor 28 relative to 
the magnetic pole axis 102. That is, the projecting pole 42 
is provided at a position at which the pole 42 advances by 45 
degrees in electrical angle in the rotational direction 
relative to the permanent magnet 38. 
[0032] 

Setting the projecting pole axis 104 in this way allows 
the maximum torque control to be performed by a simpler 
algorithm. That is , the torque in connection with the permanent 
magnet motor portion 30 is expressed in (|>*iq, while the 
reluctance torque is expressed in (Ld~ Lq) •id^iq , as described 
above. Therefore, when the gap between the magnetic pole axis 
102 and the projecting pole axis 104 is 90 degrees in electrical 
angle as in the first and second embodiments, a current phase 
angel becoming the maximum torque depends on the amplitude of 
the motor current I, so that when attempting to perform the 
maximum torque operation, it is necessary to change the current 
phase, that is, the value of the direct-axis current Id 
according to the motor current I. On the contrary, when the 
projecting pole axis 104 is forcedly provided at a position at 
which it advances by 45 degrees relative to the magnetic pole 
axis 102 as viewed in the rotational direction of the rotor 28 
as in this embodiment, a phase at which the torque generated 
in the permanent magnet motor portion 30 exhibits a peak is 
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coincident with a phase at which the torque generated in the 
reluctance motor portion 32 exhibits a peak. Therefore, a 
complex situation does not occur in which the phase at which 
the maximum torque is generated varies depending on the value 
of the current I, so that the control of making always the motor 
output a maximum value, that is, the maximum torque control can 
be easily performed. Besides , in performing the maximum torque 
control , both the torque in connection with the permanent magnet 
motor portion 30 and the torque in connection with the 
reluctance motor portion 32 exhibit a peak, so that both the 
torques can be substantially fully utilized. 
[0033] 

While in the above explanation, projection of magnetic 
material as means of giving a projecting pole function has been 
used, other means may be employed. Besides, while in the second 
embodiment, the non-magnetic material 54 has been used, the 
non-magnetic material 54 may have a function of increasing the 
magnetic resistance, and therefore, may be an air gap in the 
simplest way. The non-magnetic material 54 in Fig. 6 is 
emphatically drawn for the convenience to illustration. While 
the above explanation has been made for the inner-rotor type 
motor construction, the present invention can be applied also 
to the outer-rotor type. 
[0034] 

[Effects of the Invention] 
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As explained above, according to the present invention, 
the field system is divided along the axial direction into a 
permanent magnet motor portion and a reluctance motor portion, 
and at the same time, an armature is provided with a non-magnetic 
material for preventing the formation of a magnetic path in the 
motor axial direction from the permanent magnet motor portion 
to the reluctance motor portion, whereby both a torque generated 
by the permanent magnet motor portion and a torque generated 
by the reluctance motor portion can be utilized, and thus, for 
example, a larger torque than a permanent magnet motor can be 
obtained. Further, the permanent magnet motor portion is 
separated in the magnetic circuit from the reluctance motor 
portion, whereby both the portions can be independently 
designed, and thus, for example, compared to a case of which 
the permanent magnet and the proj ecting pole portion are present 
on the same magnetic circuit to cause an interference of both 
the members to occur, the degree of freedom of design is 
significantly improved. 
[0035] 

According to the present invention, an attempt is made 
to provide within a projection of a magnetic material 
functioning as a projecting pole portion a magnetic resistance 
member formed of a material lower in permeability than the 
projection, whereby even when the gap determining the 
direct-axis inductance and the quadrature-axis inductance, 
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that is, the gap between the field system and the armature is 
restricted in construction, the direct-axis inductance can be 
suitably increased, thereby allowing the torque generated by 
the reluctance motor portion to be significantly increased. 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is an axial-direction sectional view of a 
hybrid- type synchronous motor in connection with one embodiment 
of the present invention. 
[Fig. 2] 

Fig. 2 is an A — A sectional view showing the configuration 
of a permanent magnet motor portion in this embodiment. 
[Fig. 3] 

Fig. 3 is a B — B sectional view showing the configuration 
of a reluctance motor portion in this embodiment. 
[Fig. 4] 

Fig. 4 is a graph showing a current waveform required for 
the permanent magnet motor portion. 
[Fig. 5] 

Fig. 5 is a view showing a technique of adjusting a 
direct-axis inductance and a quadrature-axis inductance in the 
first embodiment. 
[Fig. 6] 

Fig. 6 is a B~ B sectional view showing the configuration 
of a hybrid-type synchronous motor in connection with the second 




embodiment of the present invention, in particular the 
reluctance motor portion thereof. 
[Fig. 7] 

Fig. 7 is a B~~B sectional view showing the configuration 
of a hybrid-type synchronous motor in connection with the third 
embodiment of the present invention, in particular the 
reluctance motor portion thereof. 
[Fig. 8] 

Fig. 8 is a block diagram showing the configuration of 
an example of a control circuit of the synchronous motor. 
[Fig. 9] 

Fig. 9 is a vector graph in a permanent magnet motor. 
[Fig. 10] 

Fig. 10 is a vector graph when a f ield-weaking control 
is performed. 
[Fig. 11] 

Fig. 11 is showing the configuration of a synchronous 
motor in connection with prior art examples, wherein Fig. 11 
(a) shows the rotor construction of the first prior art example; 
Fig. 11 (b) , of the second prior art example; and Fig. 11 (c) , 
of the third prior art example. 
[Explanation of symbols] 
28 Rotor 

30 Permanent magnet motor portion 
32 Reluctance motor portion 
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34 , 50, 54 Non-magnetic material 

36, 40 Magnetic material 

3 8 Permanent magnet 

42 Projecting pole 

44 Stator 

46, 52 Gap 

48 Coil 

100 Rotor axis 

102 Magnetic pole axis 

104 Projecting pole axis 

106, 108 Magnetic path 

gl , g2 Gap 

V Motor terminal voltage 

I Motor current 

Id Direct-axis current 

Iq Quadrature-axis current 

Ld Direct-axis inductance 

Lq Quadrature-axis inductance 
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< Translation of drawing > 

Fig. 1: ©Sectional view in axial direction of embodiment © 
Non-magnetic material 

Fig. 2:. ©A — A sectional view (permanent magnet motor portion) 
©Electrical angle 

Fig. 3: ©B — B sectional view of the first embodiment 
(reluctance motor portion) ©Electrical angle 

Fig. 4: ©Current waveform required for permanent magnet motor 
portion ©Motor current ©N-pole center position 
Fig. 5: ©Inductance adjusting 

Fig. 6: ®B — B sectional view of the second embodiment 
(reluctance motor portion) 

Fig. 7: ©B — B sectional view of the third embodiment 
(reluctance motor portion) ©Electrical angle ©Rotational 
direction 

Fig. 9: ©Vector graph of permanent magnet motor ©(equivalent 
to COLqlq) ©V: Motor terminal voltage (|>: Main magnetic flux 
(D(|>: Induced voltage by main magnetic flux L: Inductance I: 
Motor current 

Fig. 8: ©Configuration of control circuit ©Accelerator brake 
©Controller ©Inverter 

Fig. 10: ©Vector graph in f ield-weaking control ©Id: 
Direct-axis current Iq: Quadrature-axis current Ld: 
Direct-axis inductance Lq: Quadrature-axis inductance 
Fig. 11: ©Configuration of prior art examples ©The first 




prior art example ©Yoke ©Permanent magnet ©Projecting 
pole portion ©Axis ©The second prior art example ©The 
third prior art example 
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